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EXPOSURES FROM HEADSET INTERFERENCE TONES

INTRODUCTION

Air traffic control specialists (ATCSs) and other mem-
bers of the aviation community have been made aware of
both the non-auditory and the potential auditory effects
of interference tones. Although the non-auditory effects
of “sudden and loud” noises have been extensively inves-
tigated (1), conclusions made by Kryter (2) in 1972 still
appear applicable te interference tones. Most of the
potential auditory effects have been investigated by
measuring the acoustic characteristics and other aspects
of tone exposurcs, and by checking for shifts in hearing
aculy (3).

Alexander et al (4) evaluated expcsures of telephone
operators to interference tones through headsets, eq uipped
with insert type car picces. Tones were measured as
sound pressure levels (SPLs} in decibels (dB re 20
micronewtons per meter squared), and by checking for
temporary thresheld shifts (TTSs) in hearing. After
measuning 36 “acoustic disturbances” over 6 days, the
author reported no tones cxceeded the headset varistor
protection level, reported as 114 dB SPL for Plantronics
Corporation, Model MS-80 Headsets. Nohearing thresh-
old level {HTL) shifts were detected when measured in
dB (re ISO-1964/ANSI-1969) and checked within “ap-
proximately 15 minutes” of the tone. These results
confirmed earlier conclusions by Glorig et al (5) after
investigating “clicks” and “low intensity beeps” also
experienced by telephone operators.

The Plantronics Corporation, Model MS-80 Headset
also is extensively used by Federal Aviation Administra-
tion (FAA) ATCSs. Each ATCS determinss the size of
the ear piece that comfortably occludes the ear canal as
shown on the instructions provided by the manufac-
turer. When an ATCS experiences an interference tone,
the insert type ear picce usually is removed from the car
and incoming communication is switched to a speaker.
Although tone durations have bheen recorded between
less than 1 second and more than 145 seconds, exposure
durations were estimated as the titne required to remove
the ear piece from the ear canal. All sigrals, including
ATCS/pitot communication and interference tones are
amplified or attenuated for clarity before recording,
consequently, the acoustic levels of interference tones
have not deen routinely measured in FAA facilitics.

The maximum levels of interference tones in FAA facili-
ties were evaluated in the past by testing the operational
characteristics of headsets used during interference tone
incidents. When an interference tone incident was re-

ported, the headset was sent to the FAA Logistics Center,
Enginecering and Production Branch (FAA Order
3900.39, Hazardous Interference Tonesin the Interphone
System).

Testing was performed by ensuring all electronic compo-
nents were functional and measuring the acoustic ourpur
of a 1 KHz tone generated at -10, -5, 0, 5, and 10 dBm
{decibels as referenced to 10 pico-Warts) as it was passed
through the headset. The acoustic ouzput of the headset
was recorded in dB SPL as indicated by a Bruel and Kjaer
(B&K), Type 2204 Sound Level Meter connected to a
B&K, Type 4152 Artificial Ear. The dB SPL measure-
ments were interpreted as the maximum levels that could
be obtained within the limits of the functional headset
electronic components orthe “varistor protection [imit.”
Higher acoustic levels would be observed with failure of
the headset varistor since the acoustic output of the
headset would be limited only by the maximum amount
of diaphragm displacement.

Testing was conducted in thismanner between 1975 and
1981 on 5,047 headscts, 16 of which had been physically
damagcd and were not operational. Although the maxi-
‘mum level, varistor protecnon limiz, was 1 14 dB SPL for
telephone operators using the same brand and model of
headset, all acoustic levels were recorded between 120
and 122 dB SPL for functional Plantronics Corporation,
Model MS-89, Series B Headscets issued to FAA ATCSs.
Headsets used during interference tone incidents since
1981 are sent to the headser distributor for testing (FAA
Order 3900.39B, a revision of Order 3900.19 listed

above).

Testing headsets in this manner also could lead 10 the
assumption that levels of 1 KHz tenes are equivalent or

higher than tones of other frequencies in FAA facilities.

A1 KHz tone tested with a minimum signal power level

of 5 dBm also should not be indicative of the acoustic

fovels in ARTCCs operating at -17 dBm. Variability in

the acoustic levels experienced by an air waffic contral

specialist in an ARTCC would include any amplification

or attenuation of the signal as it passed through the

ARTCC before entering the headset. If the headset test 7
levels, 120 to 122 dB SPI. for Plantronics Model MS-80
and 127 dB SPL for the Plantronics Mode! MS-50 fora
1 KHz tone. and maximum measured durations, up 1o
145 seconds, were assumed as potential exposures, hear-
ing acuity could be adversely affected.
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METHOD

"This study was divided into a field study to determine if
infarmacion an generated interference ane levels indicated
variability within and between FAA ARTCC communica-
tion systems, and a laboratory study to evalyate the potential
of the averaged maximum generated tone leve's producing
TTSsinhearing when using an insert type headset. The field
study was conducted to determine if levels of generated
interference tones could be predicted for ARTCCs. The
laboratory study was conducted to check for TTSs when
HTLs were checked within 15 minutes following the expo-
sures. The levels of the stimuli for the laborarory study were
sclected by averaging the highest dB SPL measured as each
of four tones were generated at -17 dBm,

Field Study

The field study was conducted at 7 of the 21 FAA ARTCCs.
These were the Seartle, Oakland, Los Angeles, Anchorage,
Fort Warth, Houston, and Salt Lake City ARTCCs. The
same Plantronics Corporation, Model MS-80, Series B
Headser with a Number 5 insert type car piece was used at
5 randomly selected, unoccupied positionsin each ARTCC.
The gain at each ATCS position was set at maximurm for all
measurernents.

‘The headset was connected to the jack normally used by the
ATCS and the Number 5 earpicce was connected to a
calibrated B&K, Type4152 Artificial Earwith an uncovered
1 inch B&K, Type 4144 Condenser Microphone, and a
B&K, Type 2209 Sound Level Meter, with a B&K Type
2619 Preamplifier. The sound level meter calibration was
checked witha B&K, Type 4200 Piston Phoneand a B&K,
Type 4230 Level Calibrator before and after obtaining
measuremenis at cach position. Continucus pure tone
signals were generated at 5 dBm signal power level incre-
ments berween -35 and 10dBmand ar 0.3, 1, 2, and 3 KHz
frequencies with a Npnbwest Electronies, Oseillaror and
Power Meter. The sound level meter was set on slow and
lincar, and measuremenis were obtained by recording the

indicated SPL.

"Three nult hypotheses were proposed for testing the 0.05
level of significance for the field study. These were:

There are no mean SPL differences between tore
frequencics and between positionswithir an ARTCC

‘There are no mean SPL differences berween positions
within cach frequency: and

Thereare no mean SPL differences between ARTCCs
and between positions within cach frequency, when
the 3 highest power levels were used.

Laboratory Study

Twenty-seven volunteer subjects were selected for the laho-
ratory study. Each had no prior history of physical findings
suggestive of significant previcus discase of the auditory
system or ototoxic medication, and HT s were no grearer
than 10 dB relative to the 1SO-1964/ANSI-1969 Audio-
metric Zero. Subjects were alsa selected if they could partici-
pate in one orientation and twelve test sessions. Theaverage
age of the twenty non-ATCS subjects who completed the
twelve test sessions was 36.3 years with a standard deviation

of 7.4 years as shown in Table I,
Table I. List of Subjects

Subiact Years of ]

Number | Age Educition | Occupation Test By
T‘ 4 16 Quatity Assurance L
—2_ 52 14 Quality Assurance R

3 £ 16 Flight Test Filot R—_H

4 3 14 Prlot i
-S-H_ i H3 Aircraft Records Specialist R
T b 14 Eectronics Technician L

7 20 14 Electronics Technician L

8 28 14 Blectronics Technician L

—

9 pZ] 16 Electronics Technician L

0 43 12 Warehouse Worker L

1 9 14 Flight Test Pricx R

12 4 % Praduction Controlier R
1—3 3 % Blectronics Technician L

14 el 14 Pifot R

15 49 16 flight Test Pilot R
T 4 1 Asrcraft Mechamic R

\7 4 14 tlectronics Techmicsan R
h;;_ M % Sectromses Techman K

9 ¥ 14 Electronses Technitian L
? 41 16 Electronics Techmioan L

Mean 363 +7.4 Years




Electromechanical equipment was assembled for sound
generation, exposute monitoring and HTL checks. Four
replicate tapes were prepared on a NAGRA, Model S] Tape
Recorder as two 1 minute recordings of the two calibration
signals used 1o . %k the sound level meter calibration, a 1
minute blank recording, and 10 minutes of reversed ATCS/
pilot communication recorded at an average equivalent-
conrinuous level of 88 dBA {(decibels as measured ot an A
weighting network of a sound level meter). The reversed
communication was interrupted on each tape with a 145
seconds recording of one of the four tone stimuli. 'The tones
were 0.5 KHz ar 109dB SPL, 1 KHzar114dBSPL, 2KHz
a1 108 dB SPL, and 3 KHz a1 99 dB SPL.

All exposures and HTL checks were made in an Industrial
Acoustics Company Audiometric Test Chamber. Ambient
noise levels required for audiometric testing were measured
in the closed chamber before each test session and con-
formed with standards for audiomerric testing (6). White
noise was delivered as background noiscin the tesr chamber
through an 8 inch speaker, located .75 meter in front and
above the subjects heads as the reversed communication and
tone stimuli were delivered through the headset. The SPL
measurementsof ambient and background noiscarelisted in
dB in Table I Theambient noiselevels were checked before
each test session and levels of the background noise were
monitored with a B&K, Type 2204 Sound Level Meterand
with the microphone located within 3 centimeters of each
subject’s ear.

One of the four tape recordings was used for three of the
twelve test sessions by playing each of the recorded tones for
5, 60 or 145 seconds. The twelve test sessions were randomiy
selected for each subject. The levels of the calibration signals
were used to adjust theamplification of the stimuli played by
the NAGRA, Model §] Tape Recorder into duplicate
headsets. The reversed ATCS/pilot communication and
rones were detected inside the chamber by the subject and
through a duplicate Plantronics Corporation, Model MS-
80, Scries B Headsct. The same size of insert type earpiece

was connected to the B&K Artificial Ear and the B&K
Sound Level Meier used in the FAA ARTCGs. The sound
level meter was connected 10 B&K, Type 2305 Levd
Recorder located outside the chamber.

During the orientation session, cach subject was provided
instructions, was asked to sign a consent form, provided a
pre-experiment audiogram and was examined by a physician
before selection. Each subject agreed to be reexamined
before and after participation in each test session by the same
physician. If a T'T'S was indicated afier a test session, cach
subject agreed to remain under the physician’s care untdl no
TTS was indicated. Test sessions were scheduled for each
subject at least 24 hours apart.

All HTL checks were made with subject controlied re-
sponses to a calibrated GenRad, Model 1703, Recording
Audiometer. The audiometer test tones were pulsed, 200
milliseconds on and off, pure-tone air-conduction signals
and weredeliveredat 0.5, 1, 2, 3, and 4 KHz frequencics and
through TDH 30 Ear Phones with MX-41 Cushions. The
HTLs of each subject were checked and recorded for both
cars on the pre-experiment and pre-test audiograms. The
HTLs on the pre-experiment audiogram and each of the
twelve pre-test audiograms were compared and HTL differ-
ences greater than 5 dB were used by the physician to
determine subject participation in each test session. All post-
stimuli HTL checks were made only in the randomly-
selected, and consistently-used test ear.

A safety inspection was conducted, all equipment was
checked, and biological monitoring was performed before
subjects arrived for each test session. The levels of the two 1
minute calibration toncs were adjusted and recorded while
each subject was checked by 2 physician. The tape was
stopped at the beginning of the 1 minute blank recording
before the subject was seated in the test chamber. After the
subject was seated in the test chamber, the sound level meter
microphone was positioned adjacent to the non-.est earand
the same set of instructions were read.

Table IL. Octave Analysis in Test Chamber

KHz
Frequency 0315 | 063 | .125 250 50 1.0 2.0 490 8.0 16.0
Ambient 54 42 32 19 10 ’ * * ) *
Background 57 56 64 61 64 68 73 60 44 26

]

* Ambient noise S2Ls ahove 0.5 KHz were below limits of detection

3



"The subject dorned the audiometer headset and a pre-test
audiogram was obtained at the beginning of each session.
The physician compared the pre-experiment and pre-test
audiograms while the subject removed the audiometer
headset and donned the same Plantronics Corporation,
Model MS-80, Series B Headset used during this part of the
study. Since greater TTS have been shown to eccur with
active mensal states (7), all subjects were given one sct of
math problems for each test session. Each subject was
encouraged to selve all problems during administration of
the stimuli.

Power was simultancously turned on to the tape recorder,
the level recorder and the speaker. As the reversed ATCS/
pilot communicarion began, the scbject was signaled t
begin salving the math problems. The duration of each tone
stimulus was timed with a stop watch and by observing the
level recorder tracings. Power to all noise sources was turned
oft at the end of 5, 60, or 145 seconds and the subject was
signaled to remove the Plantronics headser earpiece and
headset. Subjects then donned the audiometer headset and
H'TL. checks were begun 20 seconds after cessation of the
stimuli. The audiometer determined timed intervals for
HTL checks are shown in Table 11 for the five post-stimuli
audiograms. The 0.5 KHz zudiometer test tone was begun
20 seconds after the stimuli for the first audiogram and 180
seconds post-stimuli for the second audiogram. This pro-
vided 20 seconds for changing headsets before beginning
hearingchecks,and 11 seconds tochange the chartsand reset
the audiometer between audiograms.

It should be noted that T'T'S were not accurately measured
unti! after 120 seconds, or until H'T'L checks were first made

withthe 3 KHzaudiometer test tone. Each subject remained
in the test chamber until H1Us on the last post-stimubi
audiograms could be compared with those on the pre-test
audiogram and nw residual TTS was indicated. No TTS
weredetectable when checked in this manner and within 15
minutes following each tone stimulus.

All audiograms were coded and randomized, and an audi-
ologistinterpreted all subject responses at the nearest 5dB for
thestudy. Since somesubject responses were recorded as- 10
aB, relative to audiometric zero, 10 dB were added to all
audiclogist interpreted HTLs toavoid negative HT Lvalues.
{fno TTS were detectable, approximately equal amounts of
negative and positive HTL differences were expected. A
TTS was produced when more positive HTL. differences
were obtained upon comparison of the initial post-stimuii
audiogram and pre-test :udiogram valucs.

Since a TTS should be indicated by significant differences
between the HTLs recorded on pre-test and post-stimuli
audiograms, and greater amounts of T1S should be indi-
cated after longer durations of each tone, two null hypoth-
cses were proposed for testing at the 0.05 [evel of significance
for the laboratory study. These were:

There are no mean HTL differences between pre-test
and post-stimuli audiograms at a given audiometer
test tone frequency within each treatment.

There aze no mean HT'L differences berween dura-
tions within each frequency/level stimuliwhen checked

with the same audiometer tost rone.

Table I11. Tiize Intervals In Seconds For HTL Checks

HTL Test Tone KHz

Post-Stirnuli

Audiogram 0.5 1.0 2.0 3.0 4.0
1. 20-49 50- 79 80109 11¢-139 140-169

Seconds

2. 180.209 210.2719 240269 270-299 300-329
3. 230 369 37(-3%% 4{K}3-429 430-459 A60-489
4. S500.529 530-559 56(3-589 590-619 6£20-649
5. 660 689 930719 720-749 750779 780-809




RESULTS AND DISCUSSION
Field Study

The objective of the ficld study was to determine if generated
interference tones could be characterized by mean acoustic
levels. Although higher acoustic levels should occur with
increasing power levels, potential levels of interfzrence tones
could be described with one curve, if no significant meandB
SPL differences existed between the 4 tone frequencics at
cach power level and between the 5 positions within each
ARTCC. If one curve could not be developed for each
ARTCC, four cutves, one for each frequency, could be
developed to describe interference tones if no significant
mean dB SPL differences were measured between positions

within each ARTCC.

A maximum acoustic level for the 7 ARTCCs should be
measurable foreach tone frequency. These maximum acoustic
levelsalsoshculd betterindicate maximum interference tone
levels than were obtained by testing the headsets. Maximum
acoustic levels could be determined, if no significant mean
db SPL differences existed between the 7 ARTCCs and
between the positions within each frequency when SPLs
were measured at the three highest signal power levels.

Higher acoustic levels were measured with increasing signal
power levels; however, most graphs were not linear with
increasing power levels when SPLs were plotted on linear,
log/lincarand log/log graphs. Most SPL measurementswere
about the same at the highest signal power levels, but some
levels both increased and decreased for the same tone
frequency at higher power levels. Although some of the SPL

measurements were the same for different frequencics of

tonesat thesame power level, theinitially higherlevels of one
tone did not drop below the levels of the different tone.

The SPL measurements for the 3 KHz were consistently
lower at cach power level and for each ARTCC. Exceprt for
the Scarde ARTCC, the SPL measurements forthe 0.5 KHz
frequency tones were the next lowest for each ARTCC. The
SPL measurements were higher for the 2 KHz tones than for
the 1 KHz tones at 4 of the ARTCGs. The SPL measure-
mentswere averaged forthe 5 positionsat each ARTCCand
then rounded to the nearest whole number as listed in Table
Iv.

When the 200 acoustic level measurements were averaged
for each ARTCC, the mean SPLs were;

99.8 + 10.0 dB for the Seattde ARTCC (ZSE),

161.1 £ 10.0dB for the Gakland ARTCC (Z0OA},
99.9 + 10.1 dB for the L1s Angeles ARTCC (ZLA),
103.6 + 10.0 dB for the Anchorage ARTCC (ZAN},
99.3 + 10.0 dB for the Fort Worth ARTCC {ZFW),
100.2 + 9.9 dB for the Houston ARTCC (ZHU), and
97.4 + 10.0 dB for the Salt Lake City ARTCC (ZSL).

"The lowest SPL, 70 dB, was measured in the Oakland, Los
Angles, and Salt Lake City ARTCCs for the 3 KHz tonc at
the -35 dBm signal power level. The highest SPL, 122 dB,
was measured at the Oakland ARTCC at the Sand 10dBm
signal power levels with the 1 KHz tone. At the Anchorage
ARTCC, 2121 dB SPL measurementwas obtained with the
1 KHz tone at -20 through 10 dBm signal power levels.

Table IV. Mean/Rounded dB SPL For ARTCCs

Seattle ARTCC (ZSE}
Power Levels dBm
| Frequencies | 35 | 30 | 25 | QES-T_E_E—_J};M% s lo s
i L | S N S S AR o :
§3KHz s 80 { 8 . 88 o % 97 ' 98 | 95 98
71 KHz J 87"( 91 q] 5% o 98 101 103 14 105 - 104
| SkHz 9 I 9%  i01 ¢ o102 . 105 - 104 103 104 104
Do s w2 1es w7 108 vo w9 10 109 103




Table IV. Mean/Rounded dB SPL For ARTCCs (Continued)

Oakland ARTCC (Z0OA)
Pywer Levels dBm
T ! T H —|
T Frequencies -35 -30 -25 -20 -15 -10 -5 0 5 10
| 3KHz 79 84 87 91 54 97 98 97 98 %
f 5 KHz 91 95 97 101 103 104 105 105 104 104
| 2 KHz 92 97 100 102 | 103 104 103 104 103 103
| 1 Khz % 100 105 107 | 110 11 113 114 114 113
| —— i -
Los Angeles ARTCC. (ZLA)
Power Levels dBm
s * ' =
{ Frequencies | -35 -30 -25 20 | 15 -10 l -5 o | s 0 |
F 1 + —-*T—‘ 1
P 3 KHz | 78 82 86 geg ! 90 92 | 94 95 95 95
1 !
! 5 KHz 90 93 97 93 103 03 | 103 103 103 | 103
!_2KHz 92 96 98 101 102 103 106 106 108 107
E— ; ;
| 1KHz % | 100 | 103 | 105 | 107 | 108 | 108 | w09 | 109 | 108 |
{ j
Anchorage ARTCC (ZAN)
Power Levels dBm
- - ; :
| Frequencies | -35 -30 25 | 20 | s T G0 | s ¢ | s ¢ o
]___ | ! — 1 l _i !
‘ :
| 3KHz 78 1 83 87 | 92 | 95 R 99 | 100 | % . 97 1
i S A - ‘ A : !
i ] ; i )
| .5 KHz 93 o7 | 100 | 103 | 105 | 107 | 107 107 | w7 | w07 j
AN NS S ! : ‘- | . L
;2 KHz b9z 101 103 | 106 | 107 ‘ 107 | 107 107 | 107 1 107 |
N . L ,74._1__ A.u__i_ _ ..._‘_3__‘___!( . l . . I] .

- 1KHz |10 105 0 10 o1tz o3 o3 | s o 116 1 e ¢ 315
S R S S S i L AU S b
Fort Worth ARTCC (ZFW)

Power Levels dBm
| Frequencies | -35 | 30 . 25 . 20 ; 15 ' .10 © 5 O
' i H b H ! !
S I U S , A S
| 3KHz 77 D s a4 88 9 | 92 93 i 93 | 92 | 3
L SKHz " 82 i 86 56 : 94 9% ° 97 ~ 97 . 97 . 97 . 97
C 1 KHz 84 87 93 97 . o8 100 100 99 ° 98 97
P2 KHz i 86 91 55 a7 100 ! 103 102 102 102 101




Table IV, Mean/Rounded dB SPL For ARTCCs {Continued)

Houston ARTCC (ZH))
ower Levels dBm:
Frequencies -35 -30 -25 T -20 -15 -10 -5 0 5 16
3KH:z 75 83 85 88 20 93 94 93 92 91
S5 KHz 93 26 160 102 104 104 105 163 103 104
1 KHz 94 98 102 104 104 105 107 107 106 106
2 KHz 96 100 103 105 105 106 17 197 107 107
Salt Lake City ARTCC (ZSL)
Power Levels dBm
Frequencies -35 -30 -25 -20 -15 -10 -5 0 5 10
3KHz 76 81 85 87 90 2 94 95 93 92
.5 KHz 86 9 94 97 28 99 100 29 35 9%
2KHz 86 91 94 97 100 102 07 100 100 106G
1 KHz a2 o7 102 103 105 106 106 167 107 08

The SPL measurements were recorded for each ARTCC by
frequency, position, and power level, and statistics from 4 x
5 x 10 factorial analysis of variance tests were caleulated w0
test the first null hypothesis. Increasing frequencics were
identified as 1 through 4, positions were identified as 1
through 5, and increasing power levels wi e identified as 1
through 10. Degrees of freedom for the corrected total or
total variation were 199, 108 for the error, and 91 for the
model for cach ARTCC. As shown in Table V, the prob-
abilitics of obtaining F values as large or greater than the
respective F statistics are not significant at the 0.05 level for
Positions within the Seattle, Oakland, and Salt Lake City
ARTCCGs and for the interactions between the position,
frequency, and power level factors.

The first null hypothesis required ne mean SPL differences
between both the frequen.y and position facters. Although
the mean SPL differences were not significant berween
positions at some ARTCGs, all mean SPL differences be-
tween {requencies were significant at 0.05 level of signifi-
cance. Asexpecied, the mean SPLdifferencesweresignificant
for the power levels, since increases in acoustic levels shouid
have occurred with increasing signal power ievels. The
probabilities indicated for interacrions were not significant
for the Position x Frequency, Position x Power Level, and

Frequency x Power Levd effects, so testing for significant
position, frequency and power [evel main effects was appro-
priate.

The first null hypothesiswas rejected in favor of the alternatg
there were mean SPL differences between positions and
frequencies within an ARTCC. A single curve cculd not be
used 1o deseribe interference tone levels a the frequencies

used in cach ARTCC.

"Thesecond null hypothesis required nosignificant mean dB
SPL differences berween positions within cach frequency at
each ARTCC. The data were soried b) frequency, position
and power Jevel, and analysis of variance tests were per-
formed by frequency for within cach ARTCC. The prob-
abilities of obtaining valucs of F as large or greater than the
caleulated F statistics for differences berween positions are
listed in Tabie V1.

The probabilities indicared significant mean dB SPL differ-
ences existed between positions within cwch frequency and
for e2ch ARTCC, except for positions 1n the Seatte, Oak-
land and Salt Lake City ARTCCUs ar the 0.5 KHz frequency.



Tavle V. Probabilities of F Statistics Within Fach ARTCC

] T
Source Z5E Z0OA Z1A ZAN ZEw ZHLU ZSi
Model L0001 0001 L0001 8001 L0001 0001 0001
Positions .1498 .2350 L0361 0025 0079 0001 .1490
Frequencies .0001 0001 0001 0001 0001 000 LG0T
Power Level 0001 .0001 L0001 0001 0001 0001 0001
Position x 6561 7236 6105 .2401 L2960 3411 .3438
Frequency
Position x 5138 5865 3415 .6235 5051 .5580 .5939
Power Level
Frequency x 5057 6310 7060 4434 6591 5563 B766
Power tevel

Table V1. Probabilities for F Statistics Within Frequencies
Probabilities of F Statistics Between Positions

Frequency ZSE | Z0A ZLA ZAN ZFwW ZHU ZSI1.
0.5 KHz TT533* .6288* 0001 0001 0001 0001 A4203%
1 KHz 0001 0001 0030 0001 .0G88 0001 0017
2 KHz D001 0001 0041 0001 0188 0001 0001
3 KH=z 0001 0001 0001 0082 L0001 L0001 0001

* No significant difference between positions within frequencies at the alpha = 0.05 level

With three exceptions and at the 0.05 level of significance,
the second nuil hypothesis was rejected in favor of the
alternate; there were significant mean dB SPL differences
benween positions within each frequency at cach ARTCC.

Tabie VII. Probabilities of F Statistics At The

Except for the 0.5 KHz generated tones in the Z5E, 7Z0A, Three Highest Power Levels

and ZSL, potential use of the four curves, one for cach l . I
frequency, to indicate levels of interference rones could not Probabilities of F Statistics
be developed. Frequency ARTC(Cs Positions
ThedB SPL values wcrcav_«:‘x‘—agcd forthe 0, 5,and 10 signﬂ 0.5 KHz 0003 0065
power levels ar cach position for cach frequency. The

n.vc’r?gai dB SPL measurements were sortef{ by frequency, 3 KMz 0003 0001
ARTCC, and position, and analysis of variance tests were

performed by frequency. The probabilities for obaining 2 KHz 0001 0001
valuzs of F as large or greater than the caleulated F siatistics

arc !iS[Qd n 'I'ablc Vii 3 KHz D00 0001

The third null hypothests, that there are no mean dB SPL
differences between ARTCC and between positions within




each frequency at the three highest power fevels, was rejected
at the 0.0% level of significance. Maximum levels of gener-
ated interfercnce tones could net be determined for the 7
ARTCCs in this manner. This finding also could have beens
anticipated since maximum levels varied berween 100 and
11448 SPL forche 8.5 Kz cones, berween 99and 12248
SPL forthe 1 KHz tones, between 101 and 118 dB SPL for
the 2 KHz tones, and between 93 and 109 4B SPL for the
3 KHz rones. The Houston ARTCC was the only facility in
which one of these least or highest levels was not obtained.

Intzrference Tone Effects
"The effects of simulated ATCS interfe <nce tone expostres
at specific sound ievels, frequencies and durarions were
tudied to evaluare the potential of TTSs in H1'Ls. Inereas-
ingamouatsof T'T Ss are usually detected following excessive
stimuli of higher leveis and the same duration, as well as
following an excessive stimulus at the same level with longer
durations. The maximum 7718 shouid be detecuable at
minutes following the stimuli and with an audiometer test
tone that is approximately 1.5 times the frequency of a pure
ronestimulus. Maximum'T T Ssarcusually detected withthe
4 KHz sudiomeres 1est rone for mest people evposed o
excessive levels of broadband type noise (8). In response 1o
a constant excessive level of 2 stimules, most TTSs increase
asymptotically with time, and except for the first 2 post-
stimutus minutes and TTSs iess than 40 dB, recoven is
Yinar in log of time (9).

Maximum amounts of T'T'S detected during this study
should be indicated by positive HTL incresses on initid
post-stimuli audiOOT“ams and, with i\.a.OVCI'}, TTS shouls
not be detectable on the last pas{—stmu vs audiograms. A
TTS indicaied fohowmg a shorter durarion of reversed
communications/tone stimudl, also should merease with
fonger tone durations.

The audiclogist interprered HTLs were reconded in dB for
each audiomerer test tone frequency and audiograun num-
ber. Test sessions weredesignated as rreatments | through 3,
4 through 6,7 13'1'0ug’rz 9,and 10 through 2 forthe S, (}0
and 145 seconds durations of the 8.5, 1, 2, and 3 KHz won
st - di. Audiograms were recorded as 1 for the p"c-.cm
ar iogram and 2 through 6 for the five post-stimudi audio-
gramns. The H'T'Ls were recorded in dB for zach frequency.
0.5,1,2,3,and4 KHz, and listed under | through
the audiometer wst 10ne,

i g
on 9 jorean

ThedB values forall subjects and each Treatment weresor wl
by audiometer zest tone q-ce uency and audiogram number
An..«.hsxs of variance tests were performed for each treatment
and zudiomater 1est one f?;.*cguc*}i} ro calewdare Fstaristios.
The probabilitics of obtaining values of F as large or greater
than the calculated F siistics are fsted in Table VIIL

Table VIII. Levels Of Significance For Between Audiograms

Audiomeier Te:t Frequency, KHz

Treatment Duaration !

Number Seconds 0.5 k1 z 3 4

1-.5 KH=z 7 9425 o522 8208 927 9835

2 60 9973 S350 O986 L9342 9933

> 145 9422 G903 3473 Q210 A3 3

Q-3 KMz 5 L9882 D524 L0863 83 SBB7E

5 o0 8523 OGO1* 000 <3125 563

6 145 9923 Neloloh e 0001 NoISIo R L5334 f

7-2 RKiHz 5 D204 OG0 543 RIS TRES] OR9F g

8 &0 525 LaB80 76300 0283 7410 :

9 145 G5 A2362 Neleloh R » LODDIT P LODoY . ﬂ'
i

10-3 KH=z 5 G522 S908 OB68 w927 L a6y |

11 $19] 3729 Y %) 328 4 L3582 9631

12 145 %1 I 2880 DBES 5584 § s 8Be ’

* Mean HTL differences significant at the 8.05 level
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‘T he value of the resulrant probabilities were used 1o derer-
mine the significance of mean HTL differences berween
audiograms for each treatment to test the first null hyporh-
esis. ie., there are no mean HTL differences between
audivgramsaragiven auciometer rest frequency within each
rreaiment. The potential of a wreatment produdng a TTS
was 1rsed as the basis for the first null hypothesis.

Following treatments 1, 2, 3, 4,7, 10 and 11, the mecan dB
or HTL differenices berveen the 6 audiograms were not
sigmifizant ar the 0.05 level for cach audiometer tost tone
feguency. causing failure to reject the first null hypothests.
There were no mean HTL. differences indicared between
pre-iest and post-stimuli audiograms foliowing these treat-
ments when checked with the 0.5, 1, 2, 3, and 4 KHz

sudiomierer 1osT Toncs.

bollowing zreatments 5. 6, 8.9, and 12, the mean HTL
differences were significant between audiograms for some
audiomerer test tones. Following the 1 KH2/114 dB/60
seconds exposnre, differences were significant when HTL
were checked with the 1 and 2 KHz audiometric test tone.
The mean HTL differences also were significant when
checked with the 1, 2, and 3 KHz audiometer test tones,
following the 1 KHz/114 dB/145 scconds exposure. Fol-
lowing the 2 KHz/108 dB/60seconds exposure, ncan HTL
differences were significant when checked with the 3 KHz
audiometer test tone. The mean HTL differences also were
significant rollowing the 2 KHz/108 dB/145 seconds expo-
sure and HTLs were checked with the 2, 3, and 4 KHz
audiometer test tones. Following the 3 KH2/99 dB/145

seconds exposure, mean HTL differences were significant
when checked with the 4 KHz audiometer test tone.

The first laboratory study null hypothesis was rejected in
favor of the alternare; there were mean HTL differences
between audiograms for these {ive rreatments and e listed
audiometer test tones at the €.05 level of significance.

Although some subjects may have experienced some HTL
shifts, TT'Ss were not indicared following all 5 second tone
exposurcs, following all 0.5 ¥Hz/109 dB SPL exposures,
and following the 3 KHz/9% dB SPL/G0 seconds exposure.
The audiograms of one subject indicared 2 TTS following
the 3 KHz/99 dB SPL/60 seconds exposure, bur not follow-
mgthe 3 KHz/99 dB SPL/ 145 seconds exposure and HTLs

were checked with the 4 KHz audiometer test tone.

The second laboratory null hypothesis was: there are no
mean HTL differences berween durations within a fre-
quency/level stimuli when checked with the same audiom-
cter wst one. The HTL values for the 0.5 KH2/109 4B
stimralus were combined and sorted by duration or treat-
ment number, audiometer wst tone frequency and audio-
gram number. T his procedure was repeated for the 1 KHz/
114 dB, the 2 KHz/108 dB, and the 3 KHz/99 dB stimuli.
Factonal analysis of variance tests were performed for each
frequencyflevel stimulus. The probabilities of obtaining
values of F as high or greater that the calculated F stazisticare
listed in Table IX

Table IX. Probabilitics Of F For Mean HTL Differences Between Each Varizhie And

Two-Way Interactions
o ¥requency/Level Stimuli L

Variables 5 KHZzZ/109 dB 1 KHz/114 dB 2 KHz/108 dB 3 KHz/99 dB
Durations .9553* 0001 0G0l 0H385
Test Tones 00010 0001 000 0001
Audiograms 9966 -0001 L0001 7503*
Durations x 1.0 0001 0149 9802*
Test Tones
Durations x 1.0* L0001 .0001 .9962*
Audiograms
Test Tones x 1.0% L0001 .0057 9996*
Audiograms

* Mean HTL differences not significant at the 0.05 level
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) Table X. Probabilities Of F For Within Durations

1 KHz/114 dB Stimulus 2 KHz/108 dB Stimulus

Seconds Duration Seconds Duration
Variables 5 60 145 5 60 145
Test Tone 0001 0001 0001 0001 L0001 0001
Audiograms .9959* 0001 0001 9988* 7554~ L0001
Test Tones x 1.0 0001 0001 1.0 1.0 0001
Audiograms . . ’ : . :

* Mean HTL differences not significant at the 0.05 level

The probabilities listed in Table IX indicated differences
were consistently significant at the 0.5 fevel for mean HTL
values between audiometric test tones within each fre-
quency/level stimuli. Differences for mean HTL values
bertween durations were not considered significant for the
0.5 KHz/109 dB stimuhus and were significant for the other
three stimuli. Differences in mean HTL velues herween
audiograms, however, were considered significant for the 1
KHz/114 dB and 2 KHz/108 dB sumuil. When differences
between audiograms for the 3 KHz/99 dB stimutus were
considered, the value of the calculated F statistic was rela-
tively small and not within the crirical region. Differences
between audiograms were considered significant for the 3
KHz/99 dB stimulus only when HTLs were checked with

the 4 KHz audiomerer test tone.

The levels of interaction indicated by the two-way variable
combinarion test results were considered not significant for
the 0.5 KHz/109dB and 3 KH2/99 dB stimutfi. The mean
HTL values obuained by combining HTL. resulss for each
sudiogram for this test implied that vanances for each
audiogram were not significantly different beoween the 6
audiograms. The level of significance for interaction be-
tween cach of the two-way variable combinations inferred
determinarion of the sousrces of the interaction were needed

forthe 1 KHz/114 dB and 2 KHz/109 dB stimuli.

The HT L valuesforthe 1 KHz/114 dB and 2 KHz/ 109 dB
stimuli were respectively combined and factorial analysis of
vartance tests were performed by durations. The probabili-

tics of obuaining values of F as high or greater than the F
staristic are listed in Table X,

‘These probabilities indicated differences between zudtom-
cter test rones could again be considered significant. The
prebabilities also indicate significant differences berween
audiograms and levels of interaction for the 60 and 145

11

seconds durations for the 1 KHz/114 dB stimulus and for
the 145 seconds duration of the 2 KHz/108 dB stimulus.
Differences between the audiograms were not considerad
significant for the Sseconds durations and for the 60 seconds
duration of the 2 KHz/108 dB stmulus. Differences be-
rween audiograms were considered significant for the 2
KHz/109 dB/60 seconds exposure, only when HTTs were
checked with the 3 KHz audiometer test tone.

Differences berween audiograms were significant when

HTlswerechecked at 1 KHzand 2 KHz for the 60 and 145
seconds durations of the 1 KHz/114 dB stimulus and ar 3
KHz for the 145 sccondas duration. This occurred when
HTLs were checked with the 2, 3, and 4 KHz audiometer
test tones following the 2 KHz/108 dB/145 seconds expo-
sure. The level of Test Tones x Audiograms interaction also
was significant.

Itwas suspected that the increased HTL valucs on the initial
post-stimult audiograms for the above treatments mav have
been the cause of the significant level of imeraion. The
HTL values from the fist post-stimuli audiograms were
climinated for the 1 KHx/1i4 dB and 2 KHx/ 108 dB
stimuli, and the HTL values from the second post-stimuili
audiograms were climinated “or the 1 KHz/114 dB/143
seconds exposure. Factorial analysis of variance tests were
repeated for each exposure duration. The probabilities of
obraining values of F as high or grearer than the calculated
F statistic are listed in Table X1,

‘The results in Table XI wereconsistent with theaudiometric
test tone frequendy resuls fisted in Tables [X and X
However, the resuits for between audiograms were changad
to no apparent significant differences. The implied level of
interaction for the two-way variable interaction also was

reduced.



Table XI. Probabilities Of F For Within Duratices, Unbalanced Data

1 KHz/11i4 dB Stimulus 2 KHz/108 dB Stimulus
Seconds Duration Seconds Duration
Variables 5 &0 145 5 60 145
Test Tones .0001* .0001* 0601* 0001* 0001* .0001*
Audiograms .9959 .9565 .5953 .9988 7554 9658
Test Tones x
Audiograms 1.0 .89994 .8575 1.0 1.0 1.0

* Mean HTL differences that are significant at the 0.05 level

Testing the second null hypothesis was based on the signif-
cance of differences between durationsasshownin Table IX.
‘Thesecond laboratory nuil hypothesis, i.e., that there are no
mean HTL differences between durations within a fre-
quency/level stimuliwith the sameaudiomerer test tone, was
rejected at the 0.05 level of significance. There were mean
HTL differences berween durations with thie 1 KHz/114
dB, 2 KHz/108 dB, and 3 KHz/99 dB stimuli. Failure to
reject the null hypothesis at the 0.5 level of significance
occurred with the 0.5 KHz/108 dB stimulus.

At least two sources of errorwere noted with the HT L checks
in the laboratory study. These were associated with vartabil-
ity in subjects’ responses when their listening foraudiometer
generated pure-tone signals at ot near their HTL required
fearning. The HTls also did not remain stable, especially
when TTS recovery occurred during the HTL check inter-
val. Randomization of the twelve treatments for cach subject
and audiologist interpretations of HTL values 1o the nicarest
5 dB were used to limit these sources of errot.

Some investigators consider that, due to variability in an
individual’s baseline HTLs, a minimum increaseof 10dB is
necessary to conclude that a I'T'S effect was detected (10},
(rher investigators consider that mean H'TL. differences of
less than 2 dB demonstrate a detectable TS effecr (11).

A maximum mean TS of 575 dB was detected when
HTLs were checked with the 1 KHz audiometer 1est tone
following the 1 KHz/114 dB/60 seconds exposure. The
maximum mean TS was 11.5 B when checked with the
2 Kz audiometer test tone and following the 1 KHz/114
dB/145 scconds exposure. When H'TL were checked with
the 3 KHz audiometer test tone, the maximum mean T1S
was 1.25 dB following the 2 KHz/108 dB/60 scconds
exposure and 7.75 dB following the 2 KH2/108 dB/145

sceonds exposure.

CONCLUSIONS

The results of the ficld study demonstrated that the level of
interference tones could not be described by the dB SPL
measuremnents of one frequency. The results also demon-
strated that the acoustic levels of one frequency could net be
used for describing rones of the same frequency and power
level ardifferent ARTCCs and between positions within the
same ARTCC for most tones.

Maximuim sound levels were measured within the range of
thesignal powerlevels used for testing headsets; however, no
single maximum mean sound level was applicable for cach
interferencs tone frequency or for maximum signal power
fevel. The mean maximum levels measured in the ARTCCs
also were consistently lower than the levels measured by
testing headsets following interference tone incidents. The
results of this study indicated the level of a generated
interference tone must be determined at the same signal
power level and frequency within the same ARTCC and
excepr for the 9.5 KHz tones in 3 ARTCGs, ar the same
position within the ARTCC.

Results of the laboratory study indicated temporary thresh-
old shifts could not bedetecied following an ample response
time {5 seconds) for removing the headset insert type ear
picce. Shifts were detected following 60 and 145 seconds
exposurestothe 1 KHz/114 dBand 2 KH2/108 dB stimuli,
anda 145 seconds exposureto 3 KHz/99 dB stimulus. These
exposures are within the current DOL Occupational Safety
and Health Administration (OSHA) promulgated Noise
Standard {29 CFR 1910.95) for continuous noise expo-
sures. Of the 20 subjects who completed the twelve test
sessions, 18 had positive HT L shifts that were detecred when
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the tone duration was 145 seconds. Exposures of thar
duration would not be anticipated in the field.

Increased levels of TTS were detected with three tones, but
only when the durations were extended for far longer-than-
expected exposures. [t would be extremely unlikely that an
air traffic control specialist or pitot would be required to keep
the car piece inserted into the ear canal mere than the first few
seconds of an interference tone.
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